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LUMMARY

Hfective application of gricultural,urban, and other nonpoint source (NP3dbmanagemenipractices (BMPSs)
requires that these measures apeoperlyplanned, sited, and sizédr implementation An important aspect of
the planning process is the idendi&tion of critical sourceareas(CSAs)mplementing these BMRand other
complementarymeasures (e.gin-laketreatments funded through sources other than Section 319 fyidE€SAs
is a key part ofmeeting targets set by Watershed Management Plans (\&W\P Total Maximum Daily Loads
(TMDLs)which ultimately leado achieving water quality and quantity goals and objectives, including the
restoration and protection of designatdzbneficial usesf waters of the U.S

Thisdocument is intended to help watshed project teams define CSAs where appropriate BMBSBMP
systemswill be implemented to achieve water quality goals in the most efficient manner possible. Effective
determination of CSAs will usually result in identification of smaller areas vaitvimtershed that contribute a
disproportionate amount of pollutants of concern or contribute otherwise in a disproportionate manner to the
identified water resource problems of concern. Tthieument was written tesupport targeted, cosefficient
implemertation of practices and measures to meet water quality goals in a timely mahhierdocument iaot a
technical howto manualwith step-by-step procedures or solutiorfer all watershed, but is rather intended to
inform suchsite-specificactionscarried out at the local levelThe background information, methodology,
examples, and overview of data sources and tools are intended to document progress made in this area and
provide aplatform forenhancing the state of the artVhile the document is basech@rigorousreview of past

and current efforts to define and treat CSApproaches and tools continue to evolve grdctitioners will need

to track new developments

Thissupplementdescribes gproceduralmethodologyfor targetingCSAs and appropriaBvIPsand BMP systems
intended toguide implementation strategies that will meet watershgdals and objective3.he technical
approachpresented here relies ona@ata-driven assessmerntf factors to identifycriticallocationswhere there is a
high probabity of pollutant delivery to receiving water$his is resultsbased approacior selectingooth
appropriate BMPand BMP system&ndthe necessarynanagement tooldo support or promoteBMP
implementationin thosecriticallocations. Themethodologyinvolves

Establishirg restoration/protectionpriorities

Describing connectionfom transport pathways$o potential sources

Estimatingthe relative contribution from these sources

Identifying CSAs and BMP performance expectations and implementation opjtietun

=A =4 =4 =4



1 Targeting CSAandappropriateBMPs and BMP systenvghereimplementation wil be most effective
1 Monitoring progressand adjustingas neededn an adaptive management approach

A broad range of data sources and tosldescribed to help watershed magers carry out these taslksd varying
levels of cost and complexitpmulti-disciplinaryapproach is recommendefdr identifyingCSAsnd selecting
BMPs BMP systemar other managemenmeasurego takeadvantage of the knowledge, data, and expertise of
all stakeholders in the watershedppropriate identification of CSAtouldhelp ensurghat BMP and BMP
systemsaare fully implementd within a specified timeframe.

A key component of the process to identify CSAstablisling prioritiesthat will address documented
problemdconcernsrelative towater qualitymanagement plan goals and objectisgurel). Locations are
targeted wherdoad reductionsare most needed based amatershedconditions Information ugd to target
priority locations of concern includevater qualitydata, flow data,biologicalassessmentandhabitat
evaluations.

After priorities are establishedhe methodology focuses atescribing connectiorthat link problemsto potential
sourcesBYy focusing on key pathways, source categories are highlighted that may comtobmater quality
problems. Thispproach allowgotential source areas to be delineated using mapping tdeligned tchelp
evaluatekey factorssuch as land use informati and managemenneasures and practic€s.g., urban
development, crop production).

Characterize problems/concerns

o Describe goals & objectives
Highlight key locations & metrics
Establish o Summarize condition data
Priorities o Identify reduction needs )

Examine cause/effect information
o Relate condition data to pathways

o o Link pathways to source categories
Describe * Delineate potential source areas
Connections o Land use, management activities )

Nonpoint source factors
o GIStools, air photos, field inventories
Estimate o Desktop analyses, models
Point source characteristics
o Facility type, discharge patterns )

Relative
Contributions

* Rate source areas )
o Refine based on surveys & data
> Target * Examine BMP options
CSAs & BMP © BMP types
S o Managementtools
Opportunities &

Incorporate needed information & revise CSA analysis

No CSAs and Yes Develop
BMP Needs Implementation
Identified? Plan

Figurel. Process overvievor identifyingcritical source aresand BMPopportunities



Estimating relative contributionsets the stage fonarrowing the list of potential source areas to those locations
where BMP implementation will be most effective in achieving water quality goals and objeGins® estimates
can range from narrative descriptors (e.g., high, medium, low) derived demial photo analysis or field
inventories to quantitative values developed from desktop screening tools or ma@d#isugh this is
supplemental NPS program guidance, point source contribuidsmmust beaccounted foiin the analysis

Targeting CSAs and BMensuresthat implementation resourceare applied tcappropriate management
practices andhre directed to those areas contributimlisproportionally to problems and concerr&ource area
ratings are refined based on a more detaibhlysis of survey farmation and available data. CSA targeting also
examines BMP optiongcludingboth practice types and management todismust be understood tha€SA
identificationcan be an iterative process. Choices and decisions are not alwayoéiearesultirg in a need to
compile additional data or revisit information examined in earlier stdgenitoringof plan implementatiorwill
produce theinformation neededto make adjustment& an adaptive management approach
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FOREWORD

This document is written for both experienced watershed practitioners and theseto the field. It is assumed
that experienced practitioners have basic knowledge of watershed planning, data sources, and analytic tools.



1. OVERVIEW

1.1 BACKGROUND

Achievement of water quality goals, either for protection or restoration, requiresphablemsand threatsare
assessed correctly, causes and sources are accurately iderdifigahpriatepollutant reduction targets and
restoration needs areetermined proper BMPs and other measures ageleced, and aequisitelevel of
implementationof treatmentis accomplished within a specified timefrantenvironmental response to plan
implementation will be most rapid when the right BMPs and other measureplamnmed, sited, sized, and
implemented in those areas that have the greatest influencevater quality and related problems. In addition,
such a targeted approach may oftercreasethe costefficiencywhen considering dollars spent on BMP costs per
pound ofpollutant reduction(Lazarus et al., 2014} should be noted, however, that BMi®gs are only part of
overall costsand other costs such as lalfor communicating with landowners in targeted areas may be
insignificant

The examples presented here are helpful
for documenting lessons learned because

they illustrate general patternthat have _
b b d broadlfindings based Level HUC Name Unit Size
een observed broadlyindings based on Sl TR o T

modeling need to be considered with some

How Large is a Watershed?

Square Acres
caution because these tools generally Miles
employ assumptions regardingit area 1 2 Region 177,560 | 113,638,400
pollutant loads, general BMP effectiveness 2 4 Subregion 16,800 10,752,000
and other factors and conditions that vary 3 6 Basin 10,596 6,781,440
within and across watersheds. While the 4 8 Subbasin 703 449,920
degree to which these assumptions result 5 10 Watershed 63-391 ;1200880
§ G @SNI 3S¢  NI-dpdciScN ’

y ol @SNy 3sSe Pt 6 | 12 | Subwatershed = 1663 10,000
outcome will differ with each specific 40.000
application, it is important to keep in mind Hydrologic unit code (e.g., HUC10 is adidit HUC)
that these tools are most helpful in Source: Virginia DCR (2@).7

providing a starting point for further
investigation and analysis, rather th&r reaching definitive and actionable conclusions about a specific
watershed or treatment plan

LESSONTARGETEBPPROACHHBPROVHEFFICIENCY ACHIEVINGVATERQUALITYGOALS

Diebel et al. (2008) used statistical simulations to evaluate program efficiency gains that could be realized by
geographically targeting and aggregating pollution control efforts involving multiple complementary BMPs
associated with riparian buffers in Wistin. Specificallythe authorsexaminedtotal pollution reduction and
proportion of watershedsmproved for four geographical allocation approackieggregated/targeted,
aggregated/random, dispersed/targeted, and dispersed/randorhe approaches diffedin two ways: (1)
whetherthe effort is aggregated within certain watershedsdistributed without regard to watershed boundaries
(dispersed)and (2) whethethe effort is targeted toward the mogtighly phosphorus (R)olluting fields or is
distributedrandomly withregard to fieldscale P pollution level§hey found that the approach combining
targetingof the most highly olluting fieldswith aggregatingvithin certain watersheds is the most efficient
approach to achievinmeasurable stream wateguality changeskor example, witleffort on only 10percentof a



model landscape, 2percentof the total Ploadwould bereducedand 25percentof watersheds significantly
improved.

Doody et al. (2012) argued thargetingprogramsat CSA$or P control could significantly improvthe
environmental efficiency and cost effectiveness of proposed mitigation stratéglesh watershedsThey
proposed aiered approactor identifying CSAs in recognition of tkeowledgeof P export athe field scale

limited availability of sitespecific data and tooJsand difficulty associated with accurate identification of CSAs at
the catchment scale due tihe increasing complexity of hydrological processes at larger scetés approach
would use catchmenscale tods in conjunction with fieleby-field surveygo reduceuncertainty and povide a

more practical and cosffective method of delineating CSih a range of catchments.

LESSONCRITICASOURCEAREAIDENTIFICATION ANREATMENAREESSENTIAL T&ICCESS

Asnoted byGhebremichael et a(2012), studies have longeported that the success &P Spollution control
efforts depend on the ability to properly identify, target, amgémediatecritical area of pollution (Maas et al.
1985 McDowell et al2001, Mealset al. 201QPionke et al200Q Sharpley et al. 200&Valter et al. 200pWeld et
al. 2001)In a review of the thirteen watershestcale(8- to 12-digit HUC} projects funded undethe National
Institute of Food and Agricultug€onservation Effects Assesent Projec{NIFACEAR)Osmond et al. (2082
concluded thatCSA must be identified and conservation practice implementatioouth be targeted to those
areas to achieve water qualigoals.By identifyingCSAsmanagers can prioritize BMPs to betteotect water
qualityand reduce pollutant load@Vieals et al. 2012).

Watersheds must also be of manageable size to enable accurate CSA delineation and design of effective treatment
plans that can result in measurable water quaiityprovements in timeframe of 5 tol5 years or so. For example,

Coffey et al. (1992) concluded themaller watersheds of less than 30,000 acres should be selected for agricultural
nonpoint source projects that last from 6 to 15 years because problems in these areas can beaditye re

identified, are easier to treat, and respond more rapidly to treatmdiie U.S. Environmental Protection Agency
(USEPA) adopted thigatershedsize recommendation irtd guidance for the Section 319 National Nonpoint

Source Monitoring Program (NNPBMUSEPA 1990f 28 projects only6 had watersheds exceeding 30,000

acres, and 5 of those conducted their monitorfgprts in areas smaller than 30,000 acres.

Lazarus et al. (2014) concluded that application of their Minnebat®edWatershed Nitrogae Reduction Planning
Tool for optimizing agricultural BMP selection to reducerfieogen (\) load from the highest contributing
sources and pathways in a watershed will hdgnpers develop the most achievable and eeffective approach
for reducing wéershed N loadsThespreadsheebased N plannintpol optimized selectionof nine different
agricultural BMP$or reducing the N load from the highesbntributing sources and pathways imatershed.

Usingthe Soil andWater Assessment To(@WATJto assess the effects of conservation practices on reducing
sediment and nutrient loads at field and watershed scales in the St. Joseph River watershed, Her et al. (2016)
concluded that application area, fiektale effectiveness, and placement of the practaesequally critical in
achieving watershedcale water quality improvement. They found that implemented practices were not focused
in the areas of the watershed where they were most needed, thus reducing the watelshaldoad reduction
efficiency in he largely agricultural watershed. At the same time, however, they acknowledged that the
effectiveness of conservation practices is sipecific. This complicates the process of identifying optimal
placement of practices for watershestale load reductionand water quality improvement when using models.



LESSONMAJORSOURCES d%P 3POLLUTANLOADSAREDISPROPORTIONATENSTRIBUTED

Nowak et al. (2006) applied the concept of disproportionality to investigateN#§toadingto a lake had not
changed evetthoughcommonly recognizedocial drivers (e.g., manure management) had changed significantly.
They examined interactions of social and biophysical varigblgs dailyPload)at different spatial and temporal
scales and found that limited occurrenceimppropriate behaviors in vulnerable biophysical settings resulted in
disproportionate environmental impacts. For example, an inappropriate-faadagement practice mayot result

in significant environmental impaein a weltbuffered biophysical settip(e.g.,over-grazing of pastures distant

from any waterbodie whereas an appropriate practice megntribute unusually large pollutant loadts ahighly
vulnerable biophysical settin@.g.,construction meeting all erosion control requiremeiist occuring in an area

with P-enriched soils)lt is important, therefore, to closely examine the s#pecific relationships between

behavior (e.g., adoption of BMPs) and environmental processes (e.g., source area pollutant loadings) within the
watershed to reine CSA delineations rather than accepting conclusions based on relationships between measures
of social and biophysical procesgesy., enroliment in conservation programarsus croplan@rosion rates}hat

are aggregated at a coarser scale (both spatia temporal). A few outliers within a watershethcluding cases

of good management in an area with exceptionally high risk of pollutant delivery (e.g., P ersadlseidom

previous land use) can contribute disproportionately to overall pollutant loads

Giri et al. (2016)argeted CSAs ithe suburbanNeshanic River watershed New Jersey by combining delineation

of hydrologically sensitive aredBlSAs) witlhigh pollution producing areas of watershetlecation of HSAs was
basedon a soil topographimdexderived from a wetness index and soil transmissivity, wherégts pollution
producing areasvere determined by using SWAT to estimatét-areapollution loadsfor subareas of the

watershed CSAg$or each pollutani{sediment, nitrogen, and phosphas)were then identified based on the HSAs
and thesub-areas with high uniarea pollution loads. The resulting CSAs for sediment, nitrogen, and phosphorus
represented only 0.2, <0.1, and 1.2 percehthe watershed, respectively.

White et al. (2009) useSWATo identify and quantify sedimerdnd total phosphorus loads originating from CSAs
in six priority watersheds in Oklahom&ithin thesesix watersheds, percentof the land area yielded 50ercent

of sedimentand 34 percenbf the phosphorus loadn watersheds dominated bagriculture, the worst Ppercent

of agricultural land contributed, oaverage, 22ercentof the total agricultural pollutant load. Pollutaidads

from these agricultural CSAs were more than four timesater than the averag®éd from agricultural areas

within the watershed

LESSONCSASHOULD BEETERMINEDHROUGH\ SYSTEMATIBROCESS

[ Sdaz2ya tSFENYSR FNRY (KS ! o{® S5SLI NIYSyd 2F ! INRAOdz § dzN.
recognition of the need to targdand treatment to CSAs where BMPs are likely to most improve and protect the

water resource (USEPA 1990). Targeting criteria identified for ranking CSA treatment needs included:

Magnitude of the pollutant source

Distance to the water resource

Location, tye, and severity of the water resource impairment or threat
Type of pollutant

Present conservatiofi.e., managementtatus

Onsite evaluation

=A =4 =4 4 -4 A

Based on lessons learned from the RCWSEPA incorporateddSA identification within itSection 319 NNPSMP
guidance (USEPA 1998pecifically, the guidancstated:



The critical area definition should reflect the magnitude of source, pollutant delivery to the waterbody,
relationship of the pollutant to use impacts, treatability, and relative treatment costs. Suabpaoach

will help project planners select treatment areas that will provide necessary pollution control and greater
fA1SEAK22R 27T ¢ (i $hikaljaled freatihént ghals BNBIBSspeRified i@ duantitative
terms. Management practice syshs should be specifically tailored to the sources and pollutants they will
be used to control.

Several lessongegardingCSA delineatiowere learnedrom the NNPSMPThe followingfindingsare based on
reviews of project reports and direct communicatiaith project scientists and managers:

1 Stream Restorationln urban settings such as the Waukegan RiNgproject area where storm runoff is
the major contributor to degraded stream habit&tSAdefinition that includes the drainage area as well
as thedamaged stream reaches would seappropriate(Tetra Tech 20@§. Failure to manage storm
runoff and water quality could result in temporary rather than ldegm improvements in stream biology

1 UrbanRunoff The Jordan Coy€&T)project identified actities associated with construction and
residential land use, as well as traditional erosion contas;ritical source activitig§etra Tech 2006e)
The entire area of the smalieatment watershed(4.2 acresjvas considered part of the C8&Abe
treated.

1 Phosphorus Loadingd-indings from théMissisquoi Bay StudyMBSB2012) included that CSArgeting
for P hotspots should be implemented at two spatial scadabwatershedand farm scale. A tiered
approach was also recommended Bgody et al. (2012).

LESSONDATA ANDTOOLSAPPROPRIAFORCSADETERMINATIORANGE FROKAMPLE TAOMPLEX

The data and tools needed to identify CSAs will vary depending on watershed characierigtjcources and
pathways for different pollutantsand water quality goajsnd project budgets will influence which of these
resources can be obtained or us@the National Water Quality Evaluation Project developegneralized
framework for integrating problem identification, information gathering, data management, and project
assessment into a logical conceptual system for agricultural nonpoint source water quality projects in support of
early USEPA/USDA joint watershed programs such as the Q8P 1981A key element of thisameworkis
identification of CSAs and the reé& collect increasingly refined information when moving from general
gualitative assessments.Q., watershed scale, general pollutants, general land)usasore detailed
characterization of sources and pollutant pathwagg(, field or small catchméscale, specific pollutants, specific
sources.

Data sources and tools of varying complexre used by the 2RCWP and 28 Section 319 NNPSMP projects. The
following examples illustrate the types of data and tools used by these projects in addresaimggeaf pollutants
and pollutant sources

91 Turbidity: To address turbidity problems, the Highland Silver IR&8VProject in lllinois targeted natric
soils with 2 percent slope, fine particle size, and high erodibility, anehatnic soils with 5 percerslope,
high erodibility, and proximity to the stream system to refine the QEEPA 1990

1 Pesticides and NutrientsThe Bayou Bonne Iddé@CWHroject in Louisiana addressed turbidity,
sedimentation, and pesticide problems by targeting cropland adjaitetite water body(USEPA 1990
Cotton growing on silty soils had the highest priority because the fields were close to waterbodies,
intensively cultivated, and receiving both pesticides and nutrients.

1 PhosphorusThe St. Albans B&CWmroject in Vermohaddressed eutrophication in St. Albans Bay by
targeting areas nearest major water courses or the bay where major nonpoint sources of phosphorus
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were presenf{USEPA 1990Computer models were used to estimate total phosphorus and sediment
loads from altenative management scenarios.

1 Bacteria:The Tillamook BaRCWhroject in Oregon targeted land with higiriority dairies to address
high fecal coliform levels and sediment loading to Tillamook(B&¢EPA 1990Priority dairies were
identified via a compter program that calculated fate and movement of bacteria through dairy
operations and manure management practices (Moore et al. 1992)fatihers used in the madsalance
modelincludednumber of cows in the herdype, capacityand management of wastgorage unif
bacterial dieoff in storage waste application method and ratbacterial dieoff on the surface
precipitation;infiltration of water and lacteria; and transport (Moore et al. 1983)

1 Nitrate: In Minnesota, the Garvin BrodkCWHRroject expaded their 30,726acre watershed to include
15,800 additional acres that served as a major groundwater recharge area for wells in the original
watershed (Wall et al. 1993). The project shifted from an early focus on surface water to an emphasis on
groundwaer quality after it was discovered that nearly one quarter of 80 sampled wells had nitrate
nitrogen levelsabovel0 mg/L. In addition, monitoring and hydrogeologic investigations conducted early
in the project revealed that the ground and surface watedshbad different boundaries, and that some
of the groundwater data they had collected prior to the project reflected conditions 30 years earlier and
was therefore not useful in evaluating the impact of the RCWP project.

1 ErosionControl (NNPSMP ProjectsLakePittsfield, lllinois; Sycamore Creek, MI; Whitewater Creek,: MN)
Critical area delineation at the watershed scale was performed using a range of approaches even within
the same project, including stream proximity and direct observation of visiblengsthcontributing
areas (MI), sediment yield estimates (Ml and Vi)d watershed models (MNYetra Tech 2006bYhe
Lake Pittsfield project reported that visual observation alone is not always adequate to identify CSAs. The
relationships among istreamsediment loads, upland sediment delivery, and stream bank erosion are
often not fully understood when projects develop their implementation plans.

1 GrazingManagement/Riparian RestoratiofNNPSMP ProjectsLong Creek Watershed, NC; Pequea and
Mill Creek Weershed, PA; Lake Champlain Basin WatershedsSéVgral approaches were used for CSA
delineation at the watershed scale, including conservafpretective)assumptions based on lafizhsed
or water quality information at hand (Pequea/Mill Creek), waled models (Long Creek), streamwalks
and habitat assessments (Vermont), and field surveys (Long Creek and Vefhatnat)Tech 2006c)
Streamwalks and habitat surveys were very useful and less expensive than modeling efforts in Vermont.
The Pequea/Mill Cek project, however, showed that visual observation alone may not be adequate to
identify CSAs when pollutants such as nutrients or other runoff constituents are part of the problem.

1 Animal Waste Managementutrient Management(NNPSMP ProjectsWarner Ceek, MD; New York
City Watershed, NY; Long Creek, NC; Peacheater Creek, OK; Totten and EId Inlets, WA, Otter:@reek, WI)
whole-farm planning process (NY), watershed models (NC, OK, WI), streamwalks and habitat assessments
(OK), and field surveys (MD, Wi#gre used for CSA delineati¢fietra Tech 2006alor example, eight of
nine dairy operations and cropland on two of the eight dairies were designat€®Asn the Otter Creek
watershed; the USDNatural Resources Conservation Service (NRCS) model BARNYed to
determine which barnyards were critical. Although the Oklahoma project was initially focused on
downstream nutrient problems, data collected by the project showed that streambank erosion and
bedload sediment were more critical problems in thenitored watersheds.

In support of their tiered approach to identify CSA®g Missisquoi Bay Studyarameterize (i.e., determinedhe
representation of physical effects by simplified parametars updated version of SWAT, with a Variable Source
Areafyy O A 2y ¢ {oenablerBWAT more accurately identify CS&ctors in theVermont portion of the
watershed (IMBSB 2012 KA &4 @ a G NF G§S3IA O | ayiorfe sefinadi & | @ & & O AravhithBdyS &Ra ® & ¢



appliedLINB OA a4 S  a A (a8 andbef@rpatfahrédolukiof tdagiroveldentification and ranking of CSAs

Fd GKS ITheNsWaATaSAhotleBwas builto includeagricultural field boundaries the model structure

thus providing a common unit area for both the strategic ardlital analysesSWAT radel calibration and

validationconfirmed that the model met or exceeded all pestablished performance target€alibration and

validation routines were examined for hydrology, sediment load, and phosphorusltoaddition to idatifying

CSA sectors, the2 | ¢ 11+ { !wasYugeR t&émpare a CStargeted approactior BMP implementationvith a

random implementatn of BMPs across the landscapeaddition, & A YL SNE f Saa RIGFnmAyGdSyaa
analysis was performed to identify CSAs in the watershewjusriailable remote sensing imagery and known land

dzaSa Ay GKS 46FiSNAKSR® ¢KSaS NBadzZ G6a 6SNBE (KSy O2YLI NB
Overall, the results were similar for agricultural, dense urban, and forested areas of theskhed.For the

strategic analysis, aanhanced hydrologic network was used to identify hydrologic features of the watershed that

could connect sources of phosphorus to the tributary network. Hydrologic proximity rankings and total phosphorus

load rankingsvere assigned across the entire network. C&&® then rankedased on these two metrics.

Trained field staff visited 19 sites identified thye modelas either CSAs or not CS&sd confirmed17 of the

Y2RSt laaSaavySydao !'i GKS FIFINyntS@St aorftSz | 02y@Syida
tactical CSA analysis.

Buchanan et al. (2013) proposed®Sndex based on runoff travel times from saturated variable sourcasate

the natural stream network. Their travéme phosphorus index (TTPI) was applied to a 3a@ agricultural
watershed in central New York and shown to yield realistic, spatially explicit predictions of critical phosphorus
loadingareas and routingpathways.Runoff travel time is only one of many factors that could be considered for
this type of index, and in some cases, travel time is difficult to assess. Still, when resources are limited, projects
should focus on the factors most important to accarate delineation ofheir specific CSA, as was done in this
study. While tis approach may be too complex foanywatershed project teams, the study helpful in
demonstratingthe need to consider the potential role emall artificial drainage netwkswhendelineating CSAs

for some pollutantsThey found that without the inclusion of roadside and agricultural ditches, many of the more
CSA would bemiscategorizeds low risk zones. In this watershed, they found that the ditches usually ran
perpendicuar to the slope and were directly adjacent to-baffered agricultural fields with high TTPI valdes.
contrast the natural streams were generally located in valleys that were buffered on both sides by riparian
vegetation.

Lazarus et al. (2014) describspreadsheebased watershed N planning tool for optimizing selection of nine
different agricultural BMPs for reducing the N load from the highest contributing sources and pathways in
Minnesotawatershed. The spreadsheetontains data for 68 HUC8 watbesls and fothe stateas a whole. It was
usedto informi KS RS @St 2 LIY S yNitriedtRedackiofi $téaedy fol the Mississippi River Watershed.

Michigan guidance for developing watershed plans emphasizes the value of following up CSA determitration
an inventory of the CSA to refine the list of pollutants, sources, and caBisesr( et al2000). They recommend
performing visual inventories by walking, driving, or canoeing the &8Antagesoted forvisual inventoies
include gaining themostaccuratepicture of what is occurring in th@atershed familiarizinginvolved individuals
with the watershed and providing ampportunity to introduce the watershegroject to riparian landowners.
Disadvantages include the time involved and the lardame of data required (e.g., photographs, maps) and
developed (e.g., land use inventories, streambank condition, discharge pipes in the sifeagnyontrast this,
however, with modeling and GIS approaches that, while appropriate in many cases, mag sedpsiiantial data
input and highly skilled individuals.



LESSONIMPLEMENTATIONEVEBIN CSAMUST BHIGH TOACHIEVEVATERQUALITYGOALS

A simple scatter plot ofatafrom the RCWRFigure2) indicates that, six years into the prograntreatment of at

least 70 percent othe CSA may be required to achieve measurable water quality rekdteould be noted that a
range of factors, including hopreciselythe CSAs were defined, the types and extent of BMpseimented, the
specific pollutants addressed, the water resource type, and the quality of the water quality monitoring program
influence the likelihood of measuring water quality improvement. Still, the plot showsthatojectwith

treatment levels bela 60 percent hadneasured water quality improvementt is to be expected that as CSA
definition becomes more precise, the minimum required treatment should increase as only essential pollutant
sources remain. The only exception to this pattern would gierto situations where an error margin or treatment
inefficiency was factored into CSA delineation.

Measured Water Quality Improvement
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Figure2. RCWRvater quality resultsas a function of CSAreatment level and
agriculturd contribution (data compiletby Piper et al.,1989).

LESSONTREATMENPRACTICES ABESTAPPLIED IN &/ STEM&PPROACH

Finding from the RCWP indicated that systems of two or more BMPs were required tdhegfgcontrol NPS

pollution from most CSAs in agricultural settings (NCSU 198&knowledgeg & A Y O2NLI2 NI} 6§ SR Ay
319 NNPSMP guidance (USEPA 1991) in the following manner:

It is important that the watershed plan takes into account thebmmed effects of the management

measures that will be installed. For example, a project with suspended solids problems should assess the
importance of all major sediment sources and anticipate potential shifts in the importance and/or
magnitude of thoseaurces as implementation of management practice systems proceeds. A project
focused orcropland erosion control, but having inadequate streambank stabilization, may fail to improve
water quality because suspended sediment delivered in runoff from higldingrands may, after

application of erosion control practices, be replaced by suspended sediment from scoured stream bottoms
and banks.



USDAs currentlyexploring the use oh conservatioomanagemensystens (CMSapproachfor treatment, defined
as (LBDA-NRCS 2017):

A CMS is a group of conservation practices that support one another. When implemented, the CMS has a
synergistieffect- the positive impact is greater than if the practices were implemented alone. Many
individual conservation practiceseatbthe support of other practices to be successful. For example, a filter
strip will soon be rendered ineffective if sheet and rill erosion is not contuglstteam of the filter area.

The filter strip will fill with sediment and lose its ability to @tsnutrients.

Two basic CMfractice combinationfiave been established for sitions with and without manureT@blel):

Tablel. Practicesn conservation management systeiti$SDANRCS 217)

Nutrient Management Conservation System Waste Utilization Conservation System
Conservation Cropping System (328) Conservation Cropping SystéB828)
Residue and Tillage Management (329, 345, 346) | Residue and Tillagdanagement(329, 345, 346)
CoverCrops (340) Cover Crop$§340)
Buffer Strips (327, 386, 390, 393) Buffer Stripg327, 386, 390, 393)
Nutrient Management (590) Structure for Water Contrdb87)

Drainage Water Manageme(54)
Nutrient Management (590)

Waste Utilization(633)

Waste Transfe(634)

Numbers in parentheses are USDIRCS conseation practice standard numbers.

Treatment trainghat includetreating a tributary with alum, collecting deposited sediment, constructing and
restoring wetlands in the nedake areas, antlarvesting wetland biomass to remove nutrient loading from the
system were proposed for multiple locatioimsthe plan for cleaning up Grand Lake St. Marys in (latya Tech
2010b).Threetreatmenttrain systems have been established and are operati@maPrairie, Coldwateand
Beaver Creeks within the watershed. Prairie Cilegskan engineered system that includes a Mobile Alum Injection
Device as well as extensive constructed and restored wetlg@s Associates of Ohio 20IMpnitoring data
indicate thatremoval efficiencieat Prairie Creek were 3dercentand 71percentfor nitrogen (NG-N, NQ-N,
NHs-N) and phosphorus (BQrespectivelyColdwater Creek aldmasan engineered system, similar,tout larger
than, the one atPrairie CreekThe sytem at Beaver Creetonsist of aBiofilter Complex treating water in three
vegetated cellsA system foBig Chickasaw Cre&lbeing desigred for implementationin 2018.Systems aBeaver
Creekand Prairie Creekverefunded by theSection319 Programwhereas those aColdwater Creeland BigLittle
Chickasaw Creek are funded through state appropriations.

Treatment systems are also applied in the urban sector. For exathpldlinnesotaPollution Control Agency
(MPCAxstormwater manual (MPCA 201&gtes that stormwater treatment traindave beenlooselydefined as
multi-BMP approacksto managing the quantity and quality of stormwater runoff. Treatmeains have included
prevention, source control, and treatment practice4PCA developge¢atmenttrainsbased on the processes
employed by the BMP, with a welkbveloped stormwater treatment train combining hydraulic, physical, biological,
and chemical components inmanner that ensures management of all pollutants that have been identified as
affecting thereceiving waterA stormwater treatment train incorporates at least two processes to maximize the
control of pollutants from the runoff. The BMP(s) selected may consist of one or multiple practices, depending on
many considerations, including availablase, physical conditions at a site, and regulatory requirements.



According tahe Mid-America Regional Coun@WlARC 2008), a treatment train combines site development
strategies, management and housekeeping practices, and engineered sol(ti@iselenentary treatment train

concept begins with open space (e.g., disconnect impervious surfaces with native vegetation), followed in order by
source control BMPs (e.g., infiltration trenches), source filtration BMPS (e.g., bioretention), regional retention and
treatment (e.g., constructed wetlands), and delivery to receiwagers by surface water, groumdter, or the

sewer system.

LESSONADAPTIVEMANAGEMENT EESSENTIAL TACHIEVINGREATMENGOALS

Adaptive management and the use of interim milestones aseatial to addressnforeseen shortcomings the
determination of CSAs, the implementation of planned practices, or the effectiveness of implemented practices.
Regardless of the data or toolssedwhen CSAs are

determined and treatment plans are develape -;;/;TOP\ \\ Mahlzew /m\\
the execution and effect of the effort will often |~ plan 7 ) ’\yﬁ—%e’i/A C“BHQ%' ’}
differ from what was envisioned due to many <,,_.\ %‘g — \;; /7\}
factors, including thessumptionsnadein andthe / \;’% \ \0“0
inherentuncertaintiesof such a planning exercise, /5’7\ r 3 m % %

as well aghe dynamics of both the social and / ;\\ i §_ £

biophysi@l processesAs described by USEPA [z % /\/ /SN 2

(2008), theactivitiesinvolvedin watershed \\z L é 3 (\Q\‘L

assessment, planning, and managemarg . S \\/ﬁ

iterative, andtargeted actions might natesult in
complete success during the first or secaydle.

By tracking and evaluating gcess, projects can make needed adjustments to increase the likelihood that water
quality goals are achieved. For example, tiwg-yearevaluation plan fothe Lower Big Rib Priority Watershed
Project in Wisconsin consisted of an annual administrativeevevpollution reduction evaluation, water resource
monitoring, and a final report (Davenp@002). Failure to achieve &-yearinterim target for sediment load
reduction wouldhaveresulted in an increase in the number of agricultural fields includechmn€SA.

1.2 PURPOSE

Thisdocumentis intended to help watershed project teamsfiote CSAsvhere appropriate BMPwill be
implementedto achieve water quality goals in the most efficient manner possiffectivedeterminationof CSAs
will usuallyresultin identification of smaller areas within a watershed that contribute a disproportionate amount
of pollutants of concern or contribute otherwise in a disproportionate manner to the identified water resource
problems of concernThis will support targeted;ostefficient implementation of practices and measures to meet
water quality goals in a timely manner.

This document is not a technical héwmanual with stegby-step procedures or solutions for all watersheds, but

is rather intended to inform such sigpecific actions carried out at the local level. The background information,
methodology, examples, and overview of data sources and tools are intended to document progress made in this
area and provide a platform for enhancing the state of the art. Wthiledocument is based on a rigorous review

of past and current efforts to define and treat CSAs, approaches and tools continue to evolve and practitioners will
need to track new developments.



1.3 RITICASOURCRAREADEFINITION

Critical source aresare those areas within a watershed that contribute a disproportionately largeuntof
pollutants of concerrto the identified water quality problems. They are generally considered to be places where
high-level pollutant sources overlap or interact with higbllptant transport potential Ghebremichael et al. 2012
Giri et al. 2016Meals et al. 2012), akbustrated inFigure3. As carbe seen fronfFigure3, combinations of leser
pollutant sources with greater transport potentiatt greater pollutant sources with lesser transport potential can
also result in areas thatre relatively more critical than otherd.he amount of pollutant reductioneeded to

achieve water quality gas will determine the extent to which these less critical sources are included in the
treatment plan.

High

o

Source Magnitude

Low | Non-Critical

Low »  High
Transport Potential

Figure3. Conceptual relationship between pollutant source magnitude and transport potential
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2. IDENTIFYINGRITICASOURCRARESANDBMP&ELECTION

Accurateidentification of CSAs and selectifprioritization of BMPs and othananagemenmeasuresds required

to ensure thatoveralltreatment performanceis sufficientto achieve pollution reduction targetidentificationof
CSAs an@BMPselectionis largely a technical matténvolving many variables and choic&sgiured). The process
includesestablishing priority locations where water quality improvements are most needed, describing
informationon pollutant pathway&ransport mechanismgelative to potential sourcesestimating the relative
source contribution based oexisting land usdand managementand rating source areas in a way that considers
the performance of BMPs and othereasuresas well a®pportunities to implement additional or modify existing
practices(Figure5t).

Factors and Consideration
in Determining if
Source is Critical

Source Mgnitude

Current Management
I ransport Distance

Transport Efficiency

Pollutant Pathways

[ Source area for pollutan'%

Transport
2l g
z (£ |3
=+ [}
Q (0]
(@]
(¢)

é

Intervention Opportunities

4 Prevent or Reduce Amoun
<4+—— Alter Form

<—— Stop or Delay at Source
<—— Capture and Treat at Sourc

< Stop or Delay in Transi
<——— Capture and Treat in Transi

« Stop or Delay at Waterbody
4 Capture and Treat at Werbody

Factors and Considerations fq
Designing Treatment Plan

Opportunities for Treatment
1 Prevent

1 Capture

1 Eliminate (e.g., bacteria)
1  Transform

Opportunities or Needs to
Incorporate Multiple Sources
in Single Treatment System

Potential Treatment Efficiencies

Handling of Captured anc
Transformed Pollutants

Timeframe

Figured. Factors and considerations f@SAdelineaticn andBMPselection

Success of the targeting approach, however, requires thaht#tezled BMPs and other measures are implemented

in a timely mannerlt is therefore necessary @lsogive attentionto the human element. Fultonsideration must

be given to the availability of both voluntary and regulatory programs (i.e., management tools) to support practice
implementation, and, in thease of voluntary programs, the willingness and ability of landowners and managers to
implement needed BMPs and other measui@sth CSAdentificationand selectiorof BMPfmanagement tools to
achieve implementation fall within the broader scope of wategimanagement described by USEPA (2008).
Consistent with that watershed approach, the CSA analytic approach presented here consists of two central

components:

I Figure 5 icons are used in sectiond @ indicate the stage in the process to which the section applies.
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1. Adata-driven assessmentf factors to identifypriority locationswhere water quality improvemets are
most needed andhere is a high probability of polluta delivery to receiving waters.
2. Management tool$o support or promoteBMP implementation those priority locations.

~

¢ Characterize problems/concerns
o Describe goals & objectives
¢ Highlight key locations & metrics

Establish o Summarize condition data
Priorities o Identify reduction needs J
¢ Examine cause/effect information \
o Relate condition data to pathways
o Link pathways to source categories
Describe ¢ Delineate potential source areas
Connections o Land use, management activities )
\

* Nonpoint source factors
o GIStools, air photos, field inventories
n Estimate o Desktop analyses, models
* Point source characteristics
o Facility type, discharge patterns )

Relative
Contributions

Incorporate needed information & revise CSA analysis

¢ Rate source areas 3
o Refine based on surveys & data
Target ¢ Examine BMP options
CSAs & BMP © BMPtypes
5 o Managementtools
Opportunities 3
CSAs and ( Devel
No Yes cysion )
BMP Needs Implementation
Identified? L Plan

FHgure5. Frocessoverview for identifyingCSA andBMPopportunities

The following sections describe stepigures) that should be taken in any processdentify CSAand select BMPs
and other measures for implementation. These steps fall wittéfour basic phasesutlined inFHgure5:

Establish gorities

Describe conrections/linkagedrom transport pathwayso potential sources
Estimate relative source contributions

Identify CSAs anBMPperformance expectations and implementatiopportunities

= =4 =4 =4

Monitoring progressoward achievingnterim and overalivater quality mangement goals and objectives
provides essential feedback for making adjustments as neatfile listed in orderthesesteps may occur
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simultaneously, in slightly different order, or iterativeiepending on specific issues, data availability, and process
dynamicsExamples arecluded to illustrate specifiapproaches that have been used to addrearious steps in
the process.

Establish Prioritis

Characterizeéhe water qualityissue, problemor impairment that is to be addressed.
Determinepollutant load or mpact reduction targets that must be achieved to meet wat
quality goals.

E

Describe Connections

Delineate the surface water, subsurface water, and atmospheric contributing areas.
Identify and baracterize all potential sources, progressing from a braagssment of land
use/landcover to a detailed characterization of potential specific sources, includingesoy
within the transport system

Characterize pollutant transport pathways.

Narrow the identification of potential sources to at & potential citical sources

= =

= =

Estimate Relative Contributions

1 Determine current management of potential critical sources to assess the magnitug
pollutant or impact reduction that could be achieved with improved management
elimination of the sources.

Target C8s and BMPs

1 Refine CSA delineation and establish BMP performance requirements to achieve
quality goals

1 Assess alternative treatment scenariad prioritize sources for treatment

Monitor Progress

1 Track CSA treatment and water quality versus biaseand target conditions to asses
progress in achieving project objectives.

1 Make necessary adjustments and continue monitoring progress.

1 Repeat as necessary.

Figure6. Seps forCSAdelineation andBMPselection
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2.1 ESTABLISHRIORITIES

Watershed projectshould be designed to achieve specific objectives that ar T o
based on the best available information and logical rationade available ‘ R R e
resources Objectives may include: :

1 Restoingimpaired waters e e
1 Protecting high-quality waters

1 Directingresources to lod#ons where BMPs will be most effective

. Estimene
Relotive
| Contrizetioes |
. .

hoorporane nseded islormuton & rewne (54 anafyls

For thisapproach we assume the following: "'\Ti:;r;__./v “re
- Terget
| asA e
1 The vatershed project has clearly and accurately charactdribe water \W“
guality problem or impairment that is to be addressed. e —

1 The vatershed project has already determihgollutant load or impact ﬁ"‘::"* “L S
reduction targets that must be achiesd to meet water quality goals.

2.1.1 WATERQUALITHLOWANALYSIS

As noted in Section 1,Yisual observation can be a valuable source of information about water quality and
watershed conditios, particularly in cases where water quality monitoring and flow data are generally
unavailable Initial examination of the watershed can be carried out as a screening exercsesformal

inventory, depending on project needgisual observation of eessive algal growth, scoured streambanks,
sediment deposition, discharge pipes, and othausualfeatures can provide information about potential water
quality or flow issues. In some watersheds it may be possible to perform streamavaisoe the seamduring
both lowflow and highesfflow conditions to see where major inflows exist. Measurements of instantaneous flow
dissolved oxygergonductivity temperature,and turbidityat multiple pointswith a handheld metercan provide
some indication of pltutant influx at various points in a stream systeparticularly if abrupt changes in measured
values occur.

Where data exist for multiple monitoring stations in a watersheedpmparison of simple descriptive data
summaries can yield information regandi potential sourcedMethods for exploratory data analysis, including
data management, ondimensional analysis (e.g., basic statistics for a single parameter), artinveasional
analysis (e.g., compare phosphorus levels at two stations), are desaridethil by Dressing et al. (2016). Simple
boxplots, for example, can be used to compare pollutant concentrations at two or more statiansnacation of
relative pollutant contributionsThe example irHgure 7 shows asubstntial difference in TSS between Stations 1
and 3,as indicated by the lack of overlap between the two bokesreased concentrationsf a pollutant between
two stationscould result from stormwater discharges, tile drain outletssobwaersheds contributing a
disproportionate share of pollutant&uch circumstances could be confirmed with a stream vidkreased
concentrations could indicatdor example(a)a gaining section of stream where groundwater inputs are
significant or(b) contributions from source areas with much lower uaitea pollutant loads. If both the
contributingsubwatershedarea and upstream and downstream discharge rates are measured, thareaitoad

of the contributing source can be estimated.
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Fgure7. Boxplots of TSSoncentration for three stream station4998 based orVeals2001)

Differences in pollutant concentrations between baseflow and ffligiv conditions can also provide indications of
major source locations and the primyapollutant pathways. Base flow is typically fed by groundwater sources and
continuous discharge sources (e.g., wastew#teatment plant (WWTP) discharge), whereas high flow is usually
comprised mostly of surface runoff.

Where projects have a moextersivedataset and advanced analytical capabilitiegsonal differences in

pollutant concentrations during both baseflow and hiigw conditions should also be examined. In agricultural
settings, application of nutrients and tillage activities are gemgis®asonal in nature arate oftenrelated to

observed changes in nutrient, bacteria, or sediment levels in streams. In urban settings, application of pesticides
and fertilizers to lawns is also generally seasonal in nature, as are changes in WWTBeatisohaurist aregor

pollen or leaf deposition on streetsigure8 and Figure9 illustrate how temporal patterng contributions from
pollutant sources can be assedsgith a robust water quality data s€Tetra Tech 2018. In this case, data
illustrate the effect of tile drainage ophosphorus oncentrations, particularly during spring runoff and following
summer stormgred circles)These data provide an examplehafw knowledge of land use and land management
are used to interprebbserved patterns in water qualigata.

More advanced tools such as microbial source tracking can be used to narrow options for sources of certain
pollutants. Microbial source trackimrocedures use hostpecific (i.e., found only in one host species or group) or
hostassociated (i.e., largely confined to one host species or group) microbial indicators to establish the origin of
fecal pollution in water (Meals et al. 2013).
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Maumee River at Waterville
Daily Patterns (3/1 - 7/31/2008)
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Figure8. MaumeeRiver total phosphorus daily patterns@rch¢ July 2008)

Maumee River at Waterville
Daily Patterns (3/1 - 7/31/2015)
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Figure9. Maumee River total phosphorus daily patterns (Macchuly 2015
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2.1.2 BIOASSESSMENTS

Many states assess biological conditions to determine if aquatic life uses are impaivateoquality problems

exist. Common approachesdélude methods that evaluate the condition of macroinvertebrate or fish communities;
results are generally expressed through indices.(éndex of Biotic Integritynvertebrate Community Indexhs

with water chemistrydata, biological assessments cayide valuable information to targedriority locations of
concern.For projects where such biological monitoring is not performed by state or other experts, there are
numeroussources of guidance for citizdrased biological and water quality monitorildSEPA 20ty. Guidance

is also availableo ensure that the dataollected by citizens is of high quality ameéets project requirements
(USEPA 2017c).

Multiple lines of evidence are often used to determine potential causes and source imctading C8s where
appropriate BMPs can be implementeglachievemprovements in water quality. Fexample the Stressor
Identification Guidance Documefti SEPA 2000) describes a systematic process that can bbyugegjects with
advanced biological monitoringcpertiseto connect biological assessment information to potential causes and
sources.

A closer examination of the bioassessment data (e.g., key index component matreeg)ert biologistsnay shed
light onpriority locations fottreatmentto address aqgatic life use impairments or concernghis includes
evaluating reasons for poor scores (elgck of species diversity, high proportion of pollution tolerant organisms,
dominant taxa characteristics)oaddress impairments or concermsth maximum effetivenessmanagement
solutions must target the specific causeshablogicalimpairment where they occur

One example that illustrates the utility of bioassessment informatidiargeting treatmentto potential CSAs is Ox
Creek a Midwesern stream wherebenthic macroinvertebrate data showed a lack of species diversity dominated
by pollution-tolerant oligochaees (Tetra Tech 2014). As burrowers, these organisms csurvivein aguatic
environmentswith excessive sedimentatioim this case, biological mdaring datahelpedtarget the priority
locationsthat need to beaddressedAcloser look at species composition pointed to potential source areas
includingsedimenation from surfaceand/or channel erosion.

FigurelOillustrates a process fomassessinghe relationship between biological impairments and major watershed
processes that contribute to problenssich as degraded habitdn this case, habitat is degradeddiljationthat is
linkedto suspended solidsalivered by high stormwater volumeghe actual linkage to stormwater may require
an analysis of availableater qualityandflow data, but could also be performed in a qualitative manner through
visual observation during storm events.

Relationships showim Figureloh @S 't a2 06SSy dzaSR Ay daNBly aSiédAiy3a 6KS
with excess stormwater volume have resulted in poor macroinvertebrate sdeigs.ell provides such an

example wheralata collected by local watershed groups highlighted key locatidrese scores were fair to poor

The subsequent analysis ultimatétientified connected impervious surfaces associated with high volume

transportation corridors as CSAs.
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2.13 HABITA EVALUATIONS

Stream habitat information can also help establish priorifesaddressingdentified watershedoroblems

Selected habitat characteristics commonly measured in NPS monitoring programs are lisbteih(Dressing et

al. 2016) A number of states have developed protocols for conducting qualitative habitat evaluations. Ohio, for
example, uses the Qualitative Habitat Evaluation Index (QHEI) (Ohio EPA/200&3.for he QHEI index are

based on meagementsof:

Substrate: type and quality

Instream cover: type and amount

Channel morphology: sinuosity, development, channelization, stability
Riparian zone: width, quality, bank erosion

Pool quality: maximum depth, current, morphology

Riffle quality: dept, substrate stability, substrate embeddedness

Map gradient

=A =4 =4 4 -4 A -4

Jessup and Dressing (2015) describe the following methods for measuring bedded sediments and bank stability:

Embeddedness and sedimentation ratings
Sufface particle size distribution

Relative Bedtability

Bank stability ratings

Sequential channel surveys

Bank Erosion Hazard Index

NearBank Stress

=A =4 =4 -4 -4 A -4

Habitat characteristics include attributes that may contribute to water quality problems and connect to potential
source areas. These attributes ar@ityally grouped either by inhannel metrics (e.g., siltation, embeddedness,
width:depth ratio, bank erosion, pool quality) or by riparian condition. Adversely affecteldainnel metrics could

be indicative of potential upstream sources. For example, &sice siltation or substrate embeddedness could

result from source areas associated with surface erosion (e.g., poor management practices on agricultural fields,
construction sites, or areas on actively managed timber lands). Other examples includedrigklahidth:depth

ratios or active bank erosion resulting from flashy stream flows caused by urban runoff from impervious surfaces
or coarse sediment deposition from forest practices (e.g., logging on steep slide prone slopes, poor road
construction). Sintarly, adversely affected riparian metrics coirdicate the presence ahore localized CSAs

such as livestock access to streams or lack of adequate riparian buffers.
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Table2. Selectechabitat variables commonly measured NPSwvatershed monitoring programs

Variable

Definition

Notes

Bottom substrate

Percent rubbleor gravel|
presence of undercut banks,
woody debris

Quality and diversity of substrate influences
suitability for fish reproduction and habitat qualit
for benthic inverébrates.

Embeddedness | Percent gravel, cobble, and | Substrate condition influences suitability for fish
boulder particles surrounded [ reproduction and habitat quality for benthic
fine sediment invertebrates.

Flow velocity Range of current velocity Prevaling current velocity influences suitability fc

stream biota.

Channel alteration

Channelization, presence of
point bars, silt deposition

Altered channels may reduce habitat diversity;
sediment deposition can render substrate
unsuitable for fish or inveebrate communities.

Pool/riffle ratio

Variety of pool/riffle
environments

A diversity oy alternatively, dack of pool and riffle
environments influences suitability of a stream
environment for fish and other biota.

Qualitative Habitat
Evaluation Index

(QHEI)

Multiple metric index of habitat
variables including substrate,
cover, channel quality, riparian
condition, bank erosion,
pool/riffle distribution,
drainage area, and gradient

The QHEI is composed of an array of metrics th
describe attributes of pysical habitat that may be
important in explaining the presence, absence, i
composition of fish communities in a stream. A

significant correlation between QHEI and(IBtlex
of Biotic Integrityhas been documented in Ohio.
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2.2 DescRIBCONNECTIONS

As discussed abovESAsire often defined as aaverlap of high pollution W s
source areas with hydrologically sensitive areas or areas prone to gamngerat 20 soge by s 5.7
high volumes of runofterosion or pollutants of concernlf the water resurce ‘ R / :
to be protected is grundwater, however, hydrologically sensitive areas may | R L] e o b oo
those areas prone to genetiay high volumes of infiltion or recharge to the

groundwater system. Similarly, some pollutants mmyderived fromairborne
sources that should be considered whenidafg CSAsAN initial broad view of
potential sources angollutant pathways is essential to developing an
approach that will lead to successfiSAdelineation.As shown irFigurel2,
pathways and sources of pollutants or impacan be identified byorking
both forward and backvard from the water resource of concero potential
sourcesAssessment of pathways with the greatest transport potential and i.-.:'_j'_'\:mw’.___ [
areas with the greatest sources of targeted pollutants or impacts provitues t '
information necessary to identify overlapgiere CSAs are likely to exittherent in this analysis is an assessment
of current management and thepportunity to effect improvementso achieve pollutant or impact reduction
targets.

SR

Ml yrre seen

hoorporane needed itlormrton & rewne (54 andly;

Critical Sources of
Pollutants or Impacts in
Watershed Plan Targets

Pathways of
Delivering Pollutants

Water Resource of Concerr or Impacts in
surf ‘ Watershed Plan
- urface water Targets Overlgp of _
- Groundwater - High pollution or

- Surface runoff

impact sources
- Subsurface flow

- Areas with greatest

- ﬁlrbomle transport potential
- gtﬁma - Opportunity to effect
- ther improvements

Figurel2. Overview of process to identify critical transport and pollutant or impact sources

2.2.1 POLLUTANPATHWAYS

As described by Blanchaadd Lerch (2000jhe chemistry ofa compounddetermines the potential hydrologic
transport pathwaysand watershedydrologydetermines the relative importance of the leaching and runoff
transport pathwaysn agricultural watersheds. Land use, includimg percentage of a watershed that is cropped,
the locations within the watershed that are cropped, ahd chemicals appliecconstitutes the third important
factor. Hydrology is largely determined by the soils, as reflected by soil hydrologic giithgeuthorsconclude
that water qualitypractices must be designed in accordance with the dominant prabl@na transport pathways
of a watershedLinard et al. (2009), however, point out ththie processes controlling the fate and transport of
agricultural chemicals are generally understood only conceptatliye watershed scalén urban settings
pollutanttransport is often governed more by the extent of connected impervious surfa&SQA 2003b)
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Various methods have been developed to simulate watershed hydrology, including the curve number method
(USDANRCS 1986), the Green and Ampt method (Craig 20@8), and the TOPMODEL algorithm (Linard et al.
2009).Models such aSWATandthe Water, Energy, and Biogeochemical Model (WEBM@jporate these
methods (Webb and Parkhurst 2017). Devi et al. (2015) reviewedattable infiltrationcapacity mode(VIC),
TOPMODEL, HBV, MIKESHE and SM#ventory of hydrological models maintained at Texas A&M University
(TAMU/BOR n 4l

Hydrological modeling can aid in the identification of CSAs, but many watershed projects lack the remmdirces
datato suppat such modelingWhere hydrological modeling cannot be performékiely pollutant transport
pathways can bé&entified byexaminingthe following:maps ofthe stream networkstormwater management
system,or agricultural drainage networknformation onsoil types(hydrologicsoil group; land coverdata;

location of impervious surfaceandtopography Hgure 13illustrates a overlay approach to identifying potential
CSAsLayer A shows the stream network, B @lscareas where cut streambanks and heavy sedimentation were
identified by a volunteer monitoring group, C shows the road network, and D shows activities and sources of
interest that were identifiedduring awindshield surveyin thissimplified examplepdlutant pathways were
addressed qualitatively based on the relationships between identified problems (sediment in this case) and
potential sources. It was assumed thhe large parking lot could contribute erosive flows during storm events,
thereby contrbuting to the streambanks cutblew construction along the stream was assumed to contribute to
the heavy sedimentation downstream. In additiaediment from the highly erosive upstream cropland areas
could likely be delivered downstream to the problemarié was also assumed that the two stream crossings
could contribute erosive flows through scupper drains or roadside drainage

After assembling background maps and other information described above, project participants should walk the
watershed to exanme pollutant pathwaysln the case of the map overlayBdure 13), visual inspection during a
rainfall eventwould be essential to confirming assumptions made in identifying the potential @&ASection
2.3.1for additional information on visual observatiomjecause sediment is the pollutant of interest in this
example, visual inspection can yield useful information regarding pollutant pathways. For example, evidence of
sediment deposition downstream from theghly eroding cropland might confirm the importance of that source,
but the entire pathway to the receiving stream with heavy sedimentation problems would need to be examined.

In cases where modeling is performed, visual inspection of the watershedtyarty during runoff events, is
strongly recommended to verify modeling results. It is important to keep in mind that modeling will only provide
an approximation of pollutant pathways. Specific sites that are averaged or overlooked in the modeling proces
may be found to contribute far morsignificantly than indicated by modeling results. In turn, other sources
deemed critical through modeling may be found to be less significant pollutant contributors due-gpsitéic
conditions or management.
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FHgure13. llustration of simple map overlays

Greater resolution can be obtained by examinavgilable data on stream flqutormwater dischargegnd

existing BMPs or other treatmenfnother factotto consider is whether impervigsareas outlet directly to the

drainage system (connectedj whether the flow spreads over pervioaseas before entering the drainage system
(unconnected)implemented BMPs and connectivity can be assessed as part of the visual inspection if sitessaccess
available.

Lag timemustbe considered to the extent possible with available data and tools (Meals et al. ZO®0).

International Missisquoi Bay Study Board (IMBSB 28di)owledgedhe importance of lag timenoting studies

that indicateddifferent short-term benefits fromCSA managemeat different geographic scalest field and

smal watershed scales (25 41 acrey managemenyielded significant reduction of N and P las®r the short

term (1 to 10 years). At smallgeographiscales, howesr, theyfound K & a S@SNI t &aidzZRASa aKz2g
benefits from CSA management dueto factorsduéh A Y mTa G NB I Y LINRP OSaasSaz GSNIAOI
fields (increase soluble P loss), and legacy landscape sources of P (enriched soils).

Lag time in than settings is very different from that in agricultuvedtershedsAs illustrated irFigurel4,

impervious cover directly influences urban streams by dramatically increasing surface runoff during storm events
(ASRWG, 1998Depending on the degree of watershed impervious cover, the annual volume of storm water
runoff can increase by 2 to 16 times its predevelopment rate, with proportional reductions in graterd

recharge (Schueler 1995}he increase in runoftlative to infiltration, coupled with the prevalence of rapid runoff
conveyance systems in urbanized arewadl] generally result in far shorter lag times than in rural settings.
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Figurel4. Relationship between impervious cavend surface runoff

2.2.2 RITICASOURCES UPOLLUTANTS GRPACTS

Identification of critical sources of pollutants or impacts should be condummetprehensivelyo ensure the most
efficient targeting of treatmentWhereagollutant pathway assessme($ection 2.2.1) canecdotal information

may lead to the conclusion that certain sources are more problematic than othersrescarefulfollow-up

assessment of all potential sources may yield a different conclusion. As an example, investigators gddressin
eutrophication problems in the Cannonsville Reservoir in New York under the Model Implementation Program
initially believed that dairy barnyards were the largest sources of phosphorus pollution. Only after comprehensive
monitoring data were collected arahalyzed did they realize that the largest source of phosphorus was runoff

from fields receiving manur@Brown et al. 1989Most projectswill not have monitoring efforts equivalent to that
used in this case, but proper application of other tools andrapphes described in this section could yield similar
conclusions.

All available information, including anecdoglidence should be used when determining the locations of critical
sources. All sources shoulititially be considered as potential criticeburces when performing thassessment
despite preliminary conclusions that may be made during the assessment of pollutant pathways. For example,
approaches using map overlays without models may be particularly prone to errors associated with soluble
pollutants (e.g., nitrate nitrogen) because such pollussuinlike sediment) cannot be seen during visual
observations. Therefore, field confirmation of conclusions drawn from the-baeged analysis is difficult.
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Prioritization of detailed analysis based thie assessment of pollutant pathways may be warranted, but few, if
any, sources should be excluded from CSA consideration based solely on a pathway analysis because of the
inherent uncertainty

In agricultural settingssources can be further characterizlbg obtaining information on theotations, sizes, and
management of animal operations; the location and timing of applications of manure and other organic nutrient
sourcesphosphorus index valueartificial drainage networks; major crops and yieldst ggies and slopes
(topography); pesticide use; cover crop usage; and tillage practmsgces for much of this information are
described in Section 5. Because of privacy considerations, however, much of the USDA data on individual farm
operations is notawailable Project managers should develop an analytic plan and data needs to facilitate any
request for information that is not easily obtainablg for example, the primary concern is pathogens, a focus on
animal operations and the handling, transpasihd application of animal manure would be appropriate. Both farm
operations with animals and those receiving manure from others should be included in the analysis. Potential
contributions from wildlife should also be assessed.

In urban settings, knowledgof the stormwater collection network, existing stormwater management practices,

land use and land cover (zoning maps), point source discharges, the road network, topography, and soils are all
important to an initial assessment of potential critical s@mg.cSource assessment should also considlekia or

in-stream sources (e.gnternal recycliny} As for agricultural sourcesgisual inspection will help confirm the

validity of information collected from databases. A potential advantage in urban gstisngreater access to

potential sources of interest as many will be public lands or areas with unlimited access (e.g., parking lots). It is also
possible to focus efforts in the urban setting based on the pollutants of concern. If, for example, satinity

concern in a northern climate, project managers may decide to focus on storage and handling areas for road salt,
or simply the roads themselves.

2.23 DETERMINATION G®OTENTIASOURCRAREARATWATERSHESCALE

The delineation of CSAs should be congdea multitier process in which broascale assessments are followed

by smallerscale assessments to nail down specific details and refine estimates of potential load reductions within
the CSAAnalysisat the subwatershedscale(up to about40,000 acrekis the logical first step in this process.

Pollutant pathways and potential critical sources are identifiethistscale to provide a firstut estimate of the

CSA and priority concerns.

Adrainage assessment is conducteithin the watersheddy combiring information on watershed conditions and
stream and stormwater management networks. The drainage assessment higllighsshere BMP
implementation will be most effective (i.e., areas that have a disproportionate effect on hydrology and water
quality).As described earlieSAs can generally be identifiedttsss intersection ohigh-level pollutant sources
and high pollutant transport potential. In an urban settifioy, example areas generating large amounts of
sediment that are hydrologically linked areas withimpervious coveand conveyance systems may be CSAs for
sediment Other CSAmay belocated in headwater areas amearlocal streams (e.g., road crossings, major
stormwater outfalls).

TheCenter for Watershed Protectio€(WP 2012) describasprocess for identifying stormwater hotspots, defined

as commercial, industrial, institutional, municipal, or transpeiated operations that produce higher levels of
stormwater pollutantsor present a higher potential risk for spills, leadsillicit dischargesThe California

Stormwater Quality AssociatiqCASQRPdeveloped a series of BMP handbooks that provide information and
guidance on identifying pollutant source areas and BMP opportunities for construction, industrial and commercial,
municipal and new development and redevelopment sour@@ASQA, n.d.Jor example, CAS@Q2003) provides
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a list of typical municipal operatiorsd pollutants they generatencluding fixed facilities activities.@.,building
maintenance and repair, waste hadimy and disposal, and vehicle fueling and storage tank filling) and field
program activities (e.g., street repair and maintenance, sidewalk surface cleaning, and solid waste collection and
recycling).

Source areanalysis may be conducted via modelingther less expensive methods, including assessment of
land use and impervious cover informationurban watershedsimpervious surface composition (type, amount,
density) isoften characterized by land use category (residential, roads, etc.) to iddémgifypriority catchments
where: a) the total amount of impervious area is greater and b) the percentage of impervious cover isThgher.
datamayalsobe categorized by jurisdiction to describe the overall contribution by land use type and ownership
Coupled with rainfall data, impervious cover provides an estimate of potential stormwater runoff volume
generatedfrom various potential source areas

As illustrated in Section 2.2.1,am overlays can be helpful in identifying major pollutant transport opyaties.
Specifically, overlays of the stream network, the stormwater system in urban areas, agricultural drains and ditches,
soils (hydrologic soil group), land cover type, impervious surfaces, and topography should provide some indication
of the source®f specific pollutants. Tools for organizing and analyzing data include GIS which can be used to
create maps and display and overlay spatifdrmation for visual or modeling assessmerigjurel4in Section

2.2 1 illustrates the application of GIS to layer data. Additional details on specific data sources and tools for this
analysis can be found Bections5 and 6

2.3 ESTIMATIRELATIVEONTRIBUTIONS

After initial assessment of potential source areas is comgueit the

subwatershedscale more detailed, sitespecific information should be e B
gathered torefine CSA delineatioaind estimate the relative pollutant - Prcdio : -
contributions of sources within the CSPhisprocesscan be carried out in ’\\.ijj;:Ljff;’ ;
many ways, but the essentielements are il | pon
& LR <
1 Close inspection of potential source areas identified at the E‘MT::’
subwatershed scale, including confirmation of assumptions mad % | coneatioss |
(e.g., management level, pollutant pathways) E N~
1 Reconsideration of sources that may have been overlooked or g [ -jo,,,..‘...... o )
underestimded in the subwatershednalysis (e.g., a streamwalk E r/
i A

may change perspectives on contributions from stream banks ot o
< » e "~ n::: s
bottoms). RNt S
1 Quantitative (preferred) or qualitative assessment of source areas

to estimate relative pollutant contributions

" CShnand T

¥

A wide variety ofnformation and tools can be used to complete this phase of CSA delineation, including:

9 Visual observations that incorporate local knowledge (e.g., field inventories, windshield surveys)

Indices

1 Available ambient monitoring data that reflects actual coiudis in priority subwatersheds or
catchments of interest

1 Desktop screeningpols and moded

==
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2.31 VISUAIOBSERVATION

The simplest way to improve the assessment of potential sources is to perform a visual inspection of sources and
pollutant pathways. It mpnot be feasible to inspect all sources in larger watersheds or where access to sources is
limited, but this basic tool can yield much information that is often unavailable through sources such as published
datasets, agency records, or remote sensing radthVisual observation can be performed at various scales (e.g.,
neighborhood, property, individual BMP) depending on need or priority, site accessibility, and resources.

While impervious cover composition provides a starting point to identify prioritycelocations in urban
watersheds, for example, field inventory information is needed to refine the CSA analysis. The field inventory
provides a focus on directly connected pathways, delivery mechanisms, -atr@ém effects (particularly
evidence of chanel incision and bank erosion). This enables targeting specific critical locations where BMP
implementation will be most effective in achieving overall watershed management objectives. The type of
inventory information needed may include storm sewer sgsialet points, outfall locations, riparian indicators,
channel metrics, existing treatment, planned improvements, and stream conditions at road crossings. In
agricultural watersheds, there may be a need for more refined information on animal populaitngl waste
management practices, craptations, the presence and condition of field borders and riparian buffers, the
location of drain tile systems and outlets, and the type and level of soil conservation and nutrient management
practices.

Recommendabns bySchueler et al. (19919 walkthe stream togather informationbefore proposing a BMP
systemin urban settingganalso be applied taletermining if a site is potentially a critical source. The following
factors should be taken note of when penfioing this task

Watershed developmen(watershed area and watershed imperviousness)

Urban BMRproportion of contributing watershed controlled by a proposed BMP)

Hydrologic chang&ry-weather flow rate, watershed runoff coefficient)

Channel form stabilit¢form, dryweather wetted perimeter, widening or downcutting, etc.)

Substrate qualitybed sediment diameter, embeddedness, sandbars, discolored cobbles)

Water quality(water temperature, slime, silt and sand deposits, benthic algae)

Stream communityaquatic macroinvertebrates present on rocks, fish present)

Riparian covefpresence/absence of and extent of riparian cover)

Stream reaclfpresence/absence of pool/riffle structusgsinuosity, fish barriers, channel enlargement)
Contiguous wetlandpresenceAbsence and quality of netidal wetlands in riparian zone or floodplain)
Floodplain changé&onstrained or unconstrained floodplain)

=A =4 =4 4 -4 4 -4 -4 -4 -4

The CASQA BMP handbooks provide guidance on how to peafomaentory and assessment surceJCASQA,
n.d.). In additon, the information in these handbooks on best practices for protecting water quality can be used to
help guide site assessments. For examplenmping and design fgrrotectingwater qualityfrom new development
andredevelopment employs three basic stegiies in the following order of relative effectiveness: 1) reduce or
eliminate postproject runoff (e.g., by reducing impervious surfaces or connectivity), 2) control pollutant sources
(e.g., by separatingtormwater runoff from vehicle maintenance arega)d 3) treat contaminated stormwater

runoff (e.g., through infiltration or retention/detentionpefore discharging it to natural waterbodies (CASQA
2003b).Shortcomings in these three areas should be identified and noted during site inspections toemeify id
CSAs.
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Individual agricultural BMPs or BMP systems can be inspected if site access is Jiantd&DARCS Field Office
Technical Guide (FOTG) provides standards and specifications for all conservation goaa@els statUSDA
NRCS, n.d.)n cases where less rigorous assessments are needed, approaches such as those contaéned in t
Chesapeake Bay Program (28)4isual indicators guidangeay be appropriateThese visual indicators are
designed to provide for rapid and @arate assessment @& range ofagriculturalpractices that can be assessed
visually, including compost structures, grass buffers, and water control structures. Practices such as nutrient
management cannot be assessed through these techniques.

Windshield surveys can be usedidentify a range of features and practices of interest. Residue windshield surveys
have been conducted for a few decades using tissieally-based approach (Hill998. Surveys can also be used to
simply confirm information obtained from other sourcesd., locations of bridges, tile drain outlets) or to obtain
additional information about known features or locations.

As an example, the windshield survey conducted by the Defiance County $W@©16) combined with a
desktopscreening assessment identified priority implementation opportunities in the upper Maumee watershed
The results of this evaluation shagveralpotential CSA (Table3). Windshield surveys or field inventories tha
incorporate locaknowledge provide a starting point for tl@SAanalysis in the Maumedt is important, however,
that these tools be applied properly (e.g., residue survey route developed in accordandbenptiocedure

specified by Hif{1998) to ersure reliable results.

The next steps after developing an inventory such asthatvn inTable3 would be to perform closer inspections
of priority sources (e.g., Priority 1 streambank erosion at Zuber CutaffioBdreek, and Platter Creek) to confirm
survey findingsdevelop estimates of relative pollutant contributigrend assess treatment opportunities
Available water quality datainit area loading values from the literature, and models or spreadshees tzoi be
used to estimatollutant contributions (see Sectie® and6).

Figurel5. ExampleDefiance County SWCD subwatershed windshield survey map
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